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A Lagrangian theory for the electric and magnetic charaes 1s constructed,
The study is based on a more correct description of the vector particles
to which, at € — oo , the limiting flelds j = +1,0,-1,+1 are connected.
The components of the field j = -1,+1 are shown to be sinqular. The '
Dirac relation is obtained from the Laorangian.
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1, Introduction.

In the works of Dirac [1,2] , there is studied the magnetic charge the-

ory on the basis of the Maxwell equation, i.e. the fields with the helicity
j=11, The j = -1,#1 field components are taken into account incom-

pletely, due to which the well-known singular "filaments" occurred in the
theory.

In the present work we are studying the electric and magnetic charges on
the basis of a more correct definition of electromagnetic field as a field
decsribing the set of j = #i,-1,+1 states. A nonabelian generalization of

the theory 1s also considered.
2. Total Decsription of Vector Field,

The field of the particle with the spin s = 1 describes the reducible

representation of the Lorentz group: )
D(1,0) ® 2(0,1) ® 2(Y2, i2).

In the limit of infinite energy of particles E —=oc the reducible repre-
sentation 1s.decomposed and describes four limiting fields with the helici-




ties j = x1,0,-1,+1. The‘ Lagrangfan will describe the field s=1 completely
only in the case 1f 1t describes also all possible Timiting fields at E
The usual equation for the vector fleld, e.é. [3] s describes the s=1 1in-
completely, since it describes only one limiting field, j=#1. In the work of
this author [4] , two parameters were introduced to study the vector #ield.
To describe four 1imiting fields, the Lagrangian must contain four arbitrary
parameters. The requirement of complete description of particles determines
the field Lagrangfan unambiguously up to the divergence.

The Lagranglan describing the s=1 field completely is as follows:

i:—ja'(Q1GJ:9+ daa::”)(aﬁaf - a“ EF)_
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The Lagrangian contains four real parameters: m,,mM, a;, a,
To exclude any of the parameters by means of any transformafdons is impossible,
since they take zero values as weil, .
If all the parameters differ from zero, then the Lagrangian describes
the s=1 with squared mass:

M = M2 (2.2)
CL, ta .



If a4, a, ¥0 ., then, 1n virtue of the identity
s o+ -pv tpv o v
(241G * @26.0) (0,6 + a6 )=a,a G,,G"

tie parity is conservea.

The conserved energy-momentum tensor has the form:
2o iy dz /" L G %)+
=-2m.q (Gpa G, * G 6y) 2m,a-'.(GFd “+Gu G))
(2.3)

*» » » &
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At Mjy= 0 the Lagrangian describes the field j=:1, while at M= N - the
field j=0. The energy-momentum tensor has poles at Q,= 0 , and at Q,= 9

this means that the states j = -1,+1 are sinoular,

Instead of Gyv , C’, it is more convenientito introduce the real

functions Fu, . Huy » Ap . By by the formulae:
1 d d
G 50 (e * 5 * o) 317 (™ 53 o+ 152),
1 Lo
Co=z (Ap* Bu)+ 7 (Au~By) -

In this case
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Thus, the real function 5,,, through G;v decsribes the field j=-1 ,
+
while the H’N through C:'r‘W decsribes j=+1.
from the 'Lagrangian (2.1) there follows

£ == 55 (anFw + GeHyy) ("8~ 37A")-

d d LY VoM
1T (a,l’-;w - azH!,,)(a B -3B )+ (2.4)
\ 4
+ gmifH™ + 3 me (A, A"+ 8,8%).

The conserved energy-momentum tensor has the form:

me o & .d _ddy M Qs & d  dd
=T B (B P BaR ) =7 (Mt + M H)Y)

T

1 ! :
+ My ('H}IHV ‘Egﬂvndﬂi)*ml(af By = 'é'&pvauB‘) .

Introduce, at Gy, 2 % 0 , the transformations:
(2.5)

Here

and the Lagrangian {s decomposed:
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Thus, at a,, Q; #= 0 the Lagrangfan is décomposed tnto two independent
systems: B, , Ay and Quy » By . The transformations (2.5)
transform the two fields j = £l into the fields F,,v and Huy with

helicities j = -1,+1. In this case, from the energy-momentum tensor we have:

(B B+ BLR™) * (B + G5, @5%)

= af (Fp&de t 5:1 ded) + (deH: * H:ded)'
The transformatfons (2.5) are analogous to those of Bogolyubov's [5] .

The Lagrangian {2.4) contains four free parameters bound by condition
(2.2). We choose the parameters so that we could isolate the state j=-1,
This can be attained at the following choice of parameters: '
m=e=€ , a=1, ms = m° (2.6)

At ma= 0 we have the state ji=tl. We shall come to j=-1 after the transi-
tion E—~0 .

Owing to the singularity of the state j=-1, we'll be able to realize the
Timiting t‘ransit1on € == 0 only in physically observed quantities.

to be more correct, is the set of the states j =#1,-1,+],

From (2.4) at mM4=Q4Q; , M= 0 there follows the electromannetic

The Maxwell equations describe the field j=:l1. The electromaanetic field,
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field Lacrangian:

== g (@i + Gut) (88 - 3'7) -

(2.7)
d d PV Y ¥ od
-5 (@Fn - a,H, ) (378 - ') + g e Fu H
and the energy-momentum tensor:
dot 1 2 o d dd
-I;'v="1é'a'z(§'¢':vd+ &iFv )~7 %2 (HuaHy *+ HuaHy ‘2.8)

At G, , 0 %0 after the transformation (2.5) we -obtain the Maxwell
eouations for P, , Ay . If Q=0 (Qy—0 ), then (2.8) describes
the fleld j = -1 (J = +1, .-

In the Euclidean metric the Lagranafan describing the nonabelian fields

with the spin s=1 and the 1imiting fields j = 21,0,-1,41 has the form:
- +
L ==tr(arRyy * @R ) (3 Ay = Sy At [ A, AV]) *
- 2
+%m, tr(a Ruw + ClzR;V)z +tmytrfy,
where

b i d
R; =5 (Ruy * Rpy) -

- anere s-momentum tensor is
) - 4
];W ='m1ﬂqﬂz tr (R}-Id Rid R d- Rvd)"-

1
+ mg'tl"(ﬂf, -Hv --2-8}";3:).
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It is obvious that at a,,d2 # 0  the parity is conserved. The theory

has no singularyties, all the limiting fields j = #£1,0,-1,+1 are reaoular.

M, = 0) this field is j =21 (j=0). If My =Q2=0

At l'l'lz-O (
= 1 (3§ = £1).

(m,=0ad, =0 ), then we have the field J

3. Magnetic Charge.
Consider now the model in which the fields ""I’, X with the snin s=1/2
interact with the components of the vector fleld s=1, j=¢1, -1, In the Min-
kowski space-time the Lagrangian has the form:
My
ot = 2»!_ ( }lv )(a H a i )
M M
7™ (AR +8,87)+

;u
- eHy, (878 -'8" ) g eBuH ¢
(3.1}

1 d
_2_\‘.‘_5‘“-(5“J
L (rfa - 8,9y W) - PY + Py WA, ¢
+%(ix"6px - Xy )~ X% + Ry x By .

The conserved energy-momentum tensor is

- ( Hug Ho' + Hity Hy ) +

T

i
ey -3(5‘ '.:f'

+m? (A, A, '%vaﬂdﬁ“)+m2(sﬂsv --é—gw B,B%)+ (2.2

e 7 (PLAY -3, Py ¥ + P1,8,¥ -3, 9, ¥) +




N i—(ix,.avx =KX + X ByqX - AYX)
+'E(e':|7lgu\i’ﬂv + ePY, WA, + g2y,x8, +gxX ¥, XB,).

The transformation (2.5) in the given case, at £ =0 , will take the form:

In the path-dependent formulatfon of Mandelstam [6]
4
A #
VY(x,P)= ¥ (x)exp (-n.e gn,,(g)dg ),

the dependence on the path is defined by the_re1at'lons:

5, ¥ (z,p) = - 1e¥(g,P) R, (2)6",

vod _
aliw-O.

These gifferential relations are valid in the consideration of the field
j = tl; in the transformation (3.3) this is true only at € %0 , since
H

the fields F are singular. In the intearal form we have

v 0 My
, L8 ld (3.4)
W(a,P)= ¥(x,P) exp (-5 |Rwd6 ),
s
exp (— %g c% P dGFV) =1. (2.5)
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where S is the surface between P’ and P .

The relation (3.5) is written in the integral form, and after the *rans-
formation (3.3) we can perform the limitina transition &£ —0 .

From the Lagrangian (3.1), at me. 0, we have

avFv = E"‘T)K ‘P

¥ B

(3.F)
ved [y
3 Fy =g XY X,
where

d
Fay = 8ufy = 3,8~ (3,8, - 8,8:) .

The transformations (3.3) bring to the new characes:

& ,_9
¢=7 » 9=

From the equality (3.5), after the substitution of the decomnosition (3.3)

and limiting transition & —(0 we obtain
e’ #YN
EIP(-%§E’N‘16 )"1'

Taking integral alona a closed surface, using (2.€) we'll come to the Dirac
relation [1] :
e19:= °qn

where N - is integer.

Only the limiting transition €0 at mé= 0 introduces interact-
ions of e'l.ectr'lc and magnetic charges into theory. So long as the state
J =-1 1s singular, then we can realize the 1imiting transition & —_ orly
in the integral relations for Fyy , after exclu”in. the potentials.

For the further consideration we choose the aauge introcuced oricinally

11
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by Fock [7] : m"ﬂ}, = .‘J:"BI, =0 ; 1in this case

1
'H!‘ (x)= Sac:c" Py Plx)da

-]

v (3.7)
By (x) = gcc:z: Qyy, () dol.
0

These relations are valid under the fulf'l‘lmént of additional condftions

written in the integral and gauge-invariant form:

exp(-%§&vd6”v)= 1,

The energy-momentum tensor (3.2) in the Fock gavae (3.7), at M= 0,
€0 , has the form:

1 o d _de
o=z (fuf « R R)*

+ ,;i(‘fl»"b',,aﬁ -3, Y8, ¥+ 1, 3,¥ -3, Py, ¥)+

i ,- - - - (3.8)
(R -3 X8, X + XY, 8u% - BuX Yy ) +

+5 (ePQ¥A, + e Py, WA, + gX Y, X8, + gAY, X B, ),

where ) 1

_ﬂ;. ()= E] dxv Fq’, (dx) do,
|

-] v d .
j ax” Fy, (ax)dd,

(-}

1
-

B (@)
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The interaction Lagrangian on the basis of (3.1) after the V1imiting

transition mZ=0, €-~0 , in the Fock gauge, has the form:
1

L= e'@a""kp -Sda:"F,,,,(ocm)dd +

[

1 (3.9"

+9’ih”‘x : S“xv F,: (xx)det
0

The energy-momentum temsor (3.8) as well as the interaction Lagrangian (3.9)
describe the interactions of F,y with the fields ¥ and X possessing
the electric charge e amd magnetic charge 3' , respectively,

Consider the set of flelds YWy (X) , (@ =1,2,...,n): each particle
possesses the electric charge €, and magnetic charae 9., . In this case
the relations (3.4), (3.5) will take the form:

1 v
Y, (x,P') =Y, (=,P)exp (- '5' S (€afuv + %a epv) as” ] R (3.1
S

exp [ N t'é‘ § (€aPuv*9, Gpv) ds’NJ =1. (3.1)

After the transformatfon (3.3) and the limiting transition €-~0 , from

(3.11) we obtain:
i ’ d vyi_
exp [- %qS (e, Fav + g.', Fuv ) dGF ]-1

e~ ?

iere _
3' F[JV = ;e; \anr "Pa ]
' d ] /
8" Fy = Z 9o Wy o /
!
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Taking integral along the closed surface, we obtain [8] :

€ 9;' - eégé = 2@ Nag (3.12)

where Mgg ~—1s integer.

4. Nonabelian Fields.

The equations of the massive Yang-Mills field describe the fields s=1,
j=21. Nonabelfan fields, to be more correct, are the set of the states
s=], j=+1,0,-1,+1 , to describe which, one should introduce four mass para-
. meters My , My , @y . Ay .
The Lagrangian describing the nonabelfan fields s=1, j=i1, -1 Iinter-

acting with the Fermi fields ¥ , X has the following form:
i
L= ~5 tr‘(r-;w + eHPO)(aPﬂv -3%a" - [FI': H"]) =
i d v Y _M ¥y
-3 tr(Fy —eH)(3'8 -9+ (8, B)

v

1
+—12- etr F’NHF + -é-m’tr(ﬁl,ﬁih By 5") +

(2.1
v 5 (PY'Q ¥ - 3,95 ) - Py +
+ 5 (RY'EX - 3,XY"%) - XX +

+ Py, A"y + X478,

where the T-matrices are taken in the corresponding representation. One can

radily be convinced that in virtue of the identity

14



4
tr(F., * EHw)(F+ e )etr(R9 - EH:,,)(Fd'N - eHM) =

= 4etr Fun™,

the parity, at €3 0 , is conserved.

The conserved energy-momentum tensor has the followina form:

T

MY

L tr (B B B R)- Ftr (Haa B v H O o
+mtr (AuA, -3 GuvAA")+ m*tr (8.8, - %'3#‘" B.8")+
r2 (PhaY -, PGy + FRAY - 3FLY) +

5 (XHBX - {RRX +XHBX = TLN) +

+5 (PYTAY+ PRTAY + X0, T8, %+ X, T8, %).

Introduce for the nonabelian fields the transformations:

In this case we have
15
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tr (B P+ i PI) + tr(@ua G + 8 GF) =

d _do ) d dat

o 2

=tr(Fu B+ B F, ) * €240 (HugHy + Hua HY').

Thus, owing to the transformation (4.3), the two nonabelian fields j=t1
are transformed into the flelds j = -1, +1. 4

Introduce for the nonabelian fields the Fock gauge

Pa - Mg =
T Jiﬂ = BP 0

In this case
1

Au(x)= gda:" P () et

o

1 (4.2)
B, ()= gam’a,,, (x)dd .
6
These relations are valid under the fulfilment of the Bianchi jdentity
written in the integral and gauge-invariant form:
i My
Pexp (-3 3§Pﬂv d6” )=1,
(4.5)

Pexp (-%§ BQuy dGFV) =1,

where P - is the ordered exponent of the two-dimensiona) integral [9] .
After the transformation (4.3) we can, at m?« 0, realize the Vimiting
transition € —~ 0 1in (4.4), (4.5), and hence we'1l obtain:

16




1

H’,'(ac) = JJf gc(ac' Fop () det

)
{2 F)

f
! __‘L ved
By (=) o SoCx Fop @) dol .
o

-ad the generalized relation (3.12).
The energy-momentum tensor (4.2) and the interaction Laoranoian from

(4.1), after the realization of the limiting transitions m®=0 , €= 0

are as follows:

dol
T = "Ttr(RuF B R )

7 (Ph3,¥ - 3PGY + PraY - 3,75,v) +

| (2.7)
+5 (X0,0,% -3, A% X + XY,3X = XY, X) +
+ 3 (PRTAY+ VY, TAY+ Ty, TByx + X¥,78(2),
4 v U ' ‘1 duy ’ !
,t,’=-2-—ﬁtrF" (R, A -5 trF " [By,B,]+
(2.8)

+ @Y TAY + Xy TBx,

: .
where H;, and B}, are defined by relations (4.6).
The energy-momentum tensor (4.7) and the interaction Lacrancian (4.8)

describe the nonabelian fields &y with the helicity j = -1 , interacting

17




P

with the spinors W , X which carry the electric- and magnetic-tyove

charges.

From the Lagrangian (4.1), at m#=0and € %0 , there follow

aquations:

o'E, ;—[n+a Foltg [87-B ] = BPETY,
{1 -
aFv sla'e) ,w]* (47-85H, 3= g X5 Tx,
v Ergsp +l[g"- F.]= 1 T
EaH},, a[ ;H}N] 2 B wl=ZY4TY,

ed"H,, +g[A+ 8 Hyw 1+ a[ﬂ -8 ,.,,]--J—-rxx TX,

The variables F
flelds describing the states j = -1, +1 are nonlocal (10] .

18
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